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TECHNICAL MEMORANDUM X-73336 


COMPENDIUM OF METEOROLOGICAL DATA FOR THE 
ATS-F LAUNCH IN MAY 1974 

I. INTRODUCTION 


This report is a compendium of all the meteorological data collected as 
a function of the Marshall Space Flight Center (MSFC )/Langiey Research 
Center (LaRC)/Kennedj' Space Center (KSC) rocket exhaust effluent pi’ediction 
and monitoring program for the ATS-F launch. The ATS-F was a Titan III C 
launch from Kennedy Space Center at 0000 EDT on May 30, 1074. The data 
presented in this compendium were collected largely to support NASA/MSFC 
diffusion predictions for the deployment of NASA/LaRC monitoring sites. The 
joint solid rocket motor exhaust prediction (MSFC) and measurement (LaRC 
and KSC) program evolved in 1072 utilizing the Titan and Delta launches as a 
source for empirical information that can be employed to more accurately 
predict the environmental effect of planned Space Shuttle operations. 

These data are archived both as an aid in postlaunch analysis and 
because they represent a unique set of atmospheric soundings with high temporal 
resolution. Included in the reixrrt are the synoptic charts, surface observations, 
and rawinsonde soundings made during this period. There is no attempt to 
analyze any of the data presented in this document. 


II. DATA 


The data are listed in Appendices A through D: page numbers for specific 
data are given in the Table of Contents. The dates, times, and sources of the 
data are listed in Table 1. 

The synoptic charts are fi’om the series published weekly by the 
National Oceanographic and A tmospheric Administration (NCtAA), The surface 
data are from the Cape Canaveral Air Force Station (location shown as KSC 
meteorological station in Figure 1). 

The rawinsonde runs were made with an AMQ-D radiosonde (Fig. 2) 
using the GMD-4 rather than the NOAA J()()5B radiosonde system. The 





TABLE 1. METEOROLOGICAL DATA SUMMARY FOR ATS-F LAUNCH 
ON 30 MAY 1974 AT 0900 EDT (1300Z) 


Data Type 

Date 

(May 1974) 

Time 

Source 

EDT 

Relative^ 

Synoptic Charts*^ 

29 

0800 

T-25 hr 

NOAA 


30 

0800 

T- 1 hr 

NOAA 


31 

0800 

T+23 hr 

:,OAA 

Q 

Surface Observations 

30,31 

0157 (30 May) 

T- 7 hr 3 min 

USAF 



to 

to 




0057 (31 May) 

T+15 hr 57 min 


Rawinsonde 

29 

0115 

T-31 hr 45 min 

USAF 


29 

2300 

T-10 hr 

USAF 


30 

0100 

T- 8 hr 

USAF 


30 

0400 

T- 5 hr 

USAF 


30 

0652 

T- 2 hr 8 min 

USAF 


30 

0904 

T+ 4 min 

USAF 


30 

1100 

T+ 2 hr 

USAF 

PIBAL 

29 

2100 

T- 12 hr 

USAF 


29 

2200 

T-11 hr 

USAF 


30 

0000 

T- 9 hr 

USAF 


30 

0200 

T- 7 hr 

USAF 


30 

0300 

T- 6 hr 

USAF 


30 

0500 

T- 4 hr 

USAF 


30 

0700 

T- 2 hr 

USAF 


30 

0800 

T- 1 hr 

USAF 


^Relative to launch time; for example, 0902 EDT - T+2 min. 

Charts for surface and 500 mb; also included are precipitation and maximum 
and minimum temperatures for the preceding 24~hr period. 

Q 

Location of the base station for upper air and surface observations is illustrated 
in Figure 1, 
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temperature and humidity sensor data are transmitted ten times per minute in 
the AMQ-9 by a clock-actuated switch rather than the aneroid barometer switch 
used in the NOAA radiosonde. Both systems measure azimuth and elevation 
with the directional receiver in the GMD. A transponder in the AMQ-9 is used 
to obtain the slant range to the radiosonde, enabling the calculation of altitude. 
The pressure is then calculated according to the hypsometric equation. The 
equations used in the computer program to calculate various thermodynamic 
quantities from the basic altitude, temperature, and relative humidity data are 
given in Appendix E. 

Since it is envisioned that use of the rawinsonde data will be restricted 
to studies of the stabilized Space Shuttle rocket tooster cloud, an altitude limit 
of 6. 8 km (20 000 ft) was chosen; all data teyond that altitude are not included 
in this report. The excluded data are archived a* MSEC and are available. 

Winds aloft were also measui’ed by tracking an ascending pilot balloon 
(PIBAL) witii a single theodolite. The height of the balloon is estimated by 
assuming a constant ascent rate. The horizontal distance from the theodolite 
to the point below the balloon at a specified time is a function of the elevation 
angle measured with the theodolite and the height of the balloon. The azimuth, 
or bearing, of the balloon is also measured with the theodolite. Successive 
theodolite readings separated by standardized time intervals are used for 
calculation of the horizontal trajectory of the balloon. The wind speed and 
direction in the layer through which the balloon has passed are obtained from 
the vector drawn between successive horizontal projections of the balloon 
position. 

The data contained in this report cover a time iDerlod that is sufficient 
for most anticipated meteorological analyses. The chronology of the data 
relative to the time of launch is given in Figure 3, In most studies, data 
within 1. 5 hours of launch time are sufficient. To facilitate retrieval of these 
data, an index is provided in Table 2 which gives the page number of data 
obtained within 1, 5 hours of launch. It is understood that for dynamic situations, 
such as the onset of a sea breeze or the passage of a front within 1. 5 hours of 
launch, the selection of data would have to be narrowed to a more appropriate 
period. 


111. LAUNCH CONDITIONS 


At launch, the sky was overcast with high thin cirrus, the visibility was 
■to miles, and the winds at the surface and aloft were generally from the 
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TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 1. 5 HOURS 
OF T-0 (0900 EDT, 30 MAY 1974) 



Time 

- 


Data Type 

Page 

T-1 hr 30 min 

(0730 

EDT) 

Surface Observation 

14 

T-1 hr 

2 min 

(0758 

EDT) 

Surface Observation 

14 

T-1 hr 


(0800 

EDT) 

Synoptic Charts 

11 

T-1 hr 


(0800 

EDT) 

PIBAL 

25 

T- 

50 min 

(0810 

EDT) 

Surface Observation 

14 

T- 

4 min 

( 0856 

EDT) 

Surface Observation 

14 

T- 

0 



Surface 01)servation 

14 

T + 

4 min 

(0904 

EDT) 

Rawinsoncle 

21 

T + 

56 min 

(0956 

EDT) 

Sui’face Observation 

14 
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northwest. The northwest flow was responsible for the offsiiore transport of 
the exhaust cloud. 

Although there was significant convective activity teginning 2 hours 
after launch, there was no evidence of rainfall in the vicini' ' of KSC that would 
have interacted with the exhaust cloud. 


8 


1 



1 


> 

/ 

. ■»rC'. 




APPENDIX A 

SYNOPTIC CHARTS 
( 1974 ) 













APPENDIX B 


SURFACE OBSERVATIONS 
(KSC, 1974) 
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266 

8bl9 

30j 

iz 

S.4 

6.8 

750,27 

282 

10l65 

3o* 

9 

7.8 

•12.0 

698,41 

208 

i>l93 

35? 

9 

■2.3 

-20»4 

584,80 

1/4 


Of POOR 
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TEST 080o!> 0767U 0«lKuS 

•(* « I ^Sl^^Llc mj" n/ti’'0-i 
CAf>fc KcNNEDT »FS. FLORIDA 
•jiioi JU KAy i97« 

*Stf'T ■'.tfR U3?5 


alt 1 1 UUE 

DIP 

speed 

TEkp 

Dc.' PT 

HAfcbS 

fth 

aB Pb-’ 

*£• SITV 

I/R 

VS 

ShbAR 

A ttT 

CEU 

KTS 

Dfco 

uEQ C 

•dS 

PCI 

G/P 3 

9/H3 

L 

’S 

/SEC 

SEC 

16 

190 

5 

2<.’ 

21.1 

10*4, 'O 

79 

16.15 

*l’5,44 

369 

673 

0 

0 

IVOU 

19« 


2< .1 

19.6 

95 0 ,94 

77 

16,87 

•139,67 

353 

672 

,016 

196 

luou 

191 

13 

!c,2 

16.4 

»47,3S 

71 

13.89 

ll-V.EJ 

330 

669 

,002 

22 

^LOO 

20» 

11 

2- .6 

13.2 

9:4, 75 

63 

11.17 

'078,23 

3i)7 

66B 

,007 

326 

•vOO 

233 

11 

1’.‘ 

14.1 

063,02 

61 

11,99 

!05l,93 

307 

664 

,006 

301 

6LOO 

E63 

g 

15.2 

14.4 

662,13 

9b 

12.39 

lO’l.V* 

303 

662 

.010 

1 

6V00 

301 

a 

13.4 

12,9 

6<2,11 

97 

11.2A- 

962.72 

290 

639 

,010 

25 

7V00 

316 

a 

11.7 

10,9 

792,94 

95 

9.95 

953,90 

276 

657 

,004 

33 

Huoo 

320 

a 

9.4 

8,6 

7«4,61 

96 

8.69 

9»T,37 

263 

635 

.001 

96 

Vgoo 


g 

7.4 

6,7 

(37,05 

95 

7.60 

510,57 

250 

653 

.003 

308 

18U00 

3l» 

11 

«.? 

2,« 

710,34 

76 


8*0. *6 

?33 

6s2 

,003 

321 

ilUEO 

3l7 

g 

« .2 

-24,7 

654,62 

11 

.77 

853,1* 

1»5 

651 

.003 

145 

lEUOO 

311 

7 

4.4 

•27,5 

»69(»2 

8 

.51 

826,38 

187 

649 

.004 

159 

i^uoo 

3ll 

6 

2.5 

99,9 

“35,24 

999 

g^.gg 

852,69 

181 

647 

>002 

l3l 

1«VOO 

329 

6 

.4 

99,9 

611,69 

999 

99 , gg 

776,52 

173 

645 

,003 

54 

i»uoo 

34A 

7 

•1.2 

99,9 

558,69 

999 

99.99 

754, *4 

168 

642 

.003 

32 

1«U00 

394 

7 

♦3.5 

99,9 

9*4,71 

999 

99.99 • 

772,17 

163 

640 

,002 

8t 

ixuoo 

351 

7 

-5.5 

99,9 

945,23 

999 

99.99 

710,52 

158 

637 

.001 

232 

i«uoo 

34« 

7 

•5.4 

99i9 

524i37 

V99 

99.99 • 

6*0.5* 

154 

634 

.001 

296 

ivuoo 

344 

7 

•11 .4 

99,9 

S 04,10 

999 

99.99 

670,95 

l50 

630 

.001 

263 

iovoo 

336 

g 

•13 .A 

99.9 

4j4,A3 

V?9 

99*99 

650,69 

1*5 

627 

,004 

311 


►■ANDATOaT LEVELS 


ALTlTUUE DIK speed TEPp DeP PT PSESS Kx 

0E>< kTS deg C uEG C f'BS PCX 


443 

195 

12 

27.7 

20.8 

lOOU 

7. 

ivlg 

19 J 

13 

22,2 

17.0 

«5U 

72 

3456 

22l 

11 

19,4 

14.5 

900 

74 

9042 

26* 

9 

19.1 

14,4 

850 

95 

6744 

31* 

8 

12.1 

11.4 

800 

9. 

till 

31V 

8 

8.1 

7,4 

750 

99 

10i77 

31» 

11 

8.1 

1.5 

700 

72 

1236* 

30^ 

7 

3.6 

'20,3 

650 

1* 

i*477 

33* 

6 

•0.5 

99,9 

600 

999 

i.7si 

353 

7 

-5,3 

99,9 

550 

999 

io^.i 

3*2 

7 

•11,9 

99,9 

500 

999 


sir.NiFKAsT levels 


altitude 

DIP 

SPEED 

TEMP 

ScP PT 

PSES# 



DE* 

pTS 

DEG C 

DEG C 

MBS 

.•» 

16 

190 

5 

24,9 

21.1 

1014,90 

3*9 

1246 

194 

14 

22,4 

18.1 

962,90 

351 

2378 

198 

11 

21.5 

12.3 

934,93 

3M 

3 S 45 

22* 

11 

19.1 

14.8 

897,34 

3U 

4020 

23* 

11 

17,3 

14.1 

882,40 

3*« 

4S06 

2*7 

10 

16.5 

15.8 

867,28 

311 

9*05 

260 

8 

14.6 

14.2 

83V, #7 

2M 

#307 

3l» 

6 

8,8 

8.2 

796,06 

2*9 

#889 


9 

7.S 

6.8 

745,53 

2»* 

9609 

3l!l 

11 

6,8 

9.6 

720.70 

241 

10584 

31? 

11 

8.7 

1.0 

695,17 

22* 

ilO20 

317 

9 

6,2 

-29.9 

684.62 

1*1 

11581 

319 

8 

9.8 

99.9 

66V,«* 

lU 

1i373 

311 

7 

4 .9 

•28.0 

660 <i* 

1*7 

ii#ii 

3o9 

6 

2.8 

'24.2 

639,7# 

1*4 

13256 

81? 

6 

2.0 

99.9 

629.13 

177 

15019 

34* 

7 

-1.3 

99.9 

98»,52 

1*( 

17V09 

34# 

7 

-8 .* 

99.9 

926,29 

194 

18*14 

3*i 

7 

•9.4 

-27.0 

919|91 

199 

1602$ 

346 

7 

*11.0 

99.9 

907.56 

190 

1924. 

341 

7 

•It.l 

'31)1 

49«,fX 

1*9 

19665 

337 

1 

•IS. 9 

-31.0 

496.57 

1*8 
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TEST n 8R 07470 08005 0.5MS 
H«h|NSONUE "UN tN/QMD'4 
C4PS kennebt *FS> rU08|D* 
08644 so h*Y 1074 
4SCINT NHR 032t 


1 

i 


! 





LTITUUE 

DIP 

sPeEo 

TEKP 

De'- PT 

PRESS 

RH 

4B HUH 

HEvSITT 

I/P 

VS 

SHE4R 

FtST 

DEO 

KTS 

DEG e 

UEQ C 

►98 


0/43 

O 7 M 3 

N 

KTS 

/SFO 

DEB 

14 

310 

4 

33,1 

30.7 

10i3;98- 

92 

17,91 

1185,13 

370 

489 

0 

0 

;uoo 

19» 


3S 8 

30,1 

979-48 

•1 

17,20 

1139 89 
11I)8!89 
1077,81 

354 

671 

,017 

;oo3 

199 

3000 

200 

it 

33;4 

16|8 

948181 

70 

13,83 

33* 

870 

214 

3000 

311 

u 

30,0 

14,8 

»l3i4J 

73 

12,44 

315 

447 

,006 

355 

4000 

334 

5 

17.8 

15,3 

881,74 

88 

13.97 

1048.99 

313 

444 

,011 

14 

5000 

350 

4 

l».l 

13.4 


84 

11,51 

1017.75 

294 

443 

,003 

7 

8U00- 

317- 

9 

14,^ 

10.3 

431,98 

Jr 

».41- 

988,73 

37fr 

44 I 

,003 

1*0 

7OO0 

341 

4 

13, i 

8,7 

**!.!?* 

8,95 

941,85 

347 

458 

,003 

43 

8000 



10,0 



5s 

8,07 

534,79 

398 

896 

,008 

.ooz 

in 

»OO0 

*0* 

s 

«,» 

.3 

738,31 

95 

4,77 

906,59 

332 

894 

10009 

303 

4 

*.» 

•3.8 

709, ;• 

53 

3,94 

581,43 

331 

*51 

,002 

117 

ilooo 

38* 

6 

4,0 

.11,7 

883,35 

37 

1.94 

852,04 

303 

451 

.004 

255 

13000 

383 


4.4 

• 14,8 

8S8j78 

31 

1.91 

835,97 

194 

449 

,003 

391 

iSDOO 

391 

6 

3,« 

99,9 

834,57 

999 

99,99 

798,0* 

178 

448 

,004 

75 

14008- 

33l 


1(8 

99,9 

81lll3 

999 

99.99 

779 . 0 ? 

173 

848 

,009 

91 

iiooo 

33? 

9 

• 0,8 

99,9 

518,38 

999 

99,99 

753,91 

1»» 

843 

,001 

9 

Ibpoo— 

I'OOO 

338 

t 

j6- 

99,9 

ijsit 

999 

99,99 

730,15 

143 

iVy 

,003 

.004 

331 

33* 

• 8 , 0 

• 38,3 

■ 4 

.19 

710.33 

1*9 

35T 

isn 

343 

349 

n 

•10,1 


-8 

9 

.13 

.1* 

885 ,-t* 
887,14 

I’l 

tn 

.054 

.00* 

3 ir 

30000 

33I 

i» 

•13, e 

.38,8 

♦14,3*- 

*1 

.98 

849,59 

!«• 

838 

,007 

393 




• ut- t 

-H’ l.E\=l.S 









4LTIIU0E 

DIP 

SPEED 

TEMP 

OeU PT 

PPESS 

RH 







?PST 

DEO 

KTS 

DEQ C 

uEQ C 

PBS 

PCT 








ioi 

*o! 

11 

3*.l 

3l.* 

looo 

1877 

199 

15 

33,7 

14,4 

950 

3615 

3l> 

8 

1*,3 

15,1 

910 

9633 

356 

4 

14,1 

13.3 

950 

*709. 

33« 

4 

13,8 

8,8 

609- 

*479 

30l 

5 

*,3 

3,1 

750 

i63*7 - 

3*9 

5 

-4,3 

•5,4 

718 

il333 

3a3 

7 

4,3 

'31,3 

890 

ll4S5 

331 

5 

,4 

99,9 

819 

11730 

333 

8 

■5,1 

• 36.3 

990 

1*149- 

34 I 

13 

•10,1 

• 34,4- 

509 


u 

it 

ll 

1 * 

*1 

4> 

II 

*•« 

I 

i4 - 


SinnlFlLlVT LEVELS 


altitude BIS speed 

(EkT De6 KTS 


TEPP Dt« »T 
DEQ C 'OEO C 


PRESS 

hbS 


1 / 


1* 

310 

J36 

30« 

ini 

198 

198 

iioa. 

344 

7300 

34f 

7831 

37* 

80|0 

298 

8943 

30* 

ilii- 

303 

398 

16«99 

29* 

12699 

311 

l3»97 

389 

13613 

391 

iii>4l 

30* 

iH** 

33* 

UilO 

33 I 

I 7633 

33 * 

18*79 

356 

19791- 

336 


33,1 

30.7 

3«,3 

33,0 

33,8 

l*.l 

33,1 

18,3 

18,7 

14,7 

11, P 

8.7 

It.l 

7,7 

10,0 

7,7 

0,0 

.3 

t.l 

.3 

8,8- 

•1.4 

4,0 

• 13,3 

4.3 

• 19,* 

4,1 

•28,1 

3,* 

*5,9 

3,8 

**.» 

■3.1 

**.5 

■4,8 

•11.4 

■8,t 

•11,1 

■*,* 

• 41,1 

13.1 

•t|«8 


10 > 4.50 

V8j,P5 

951,98 

•93,94 

788,33 

774.09 
781,43 
717, >8 
736,7* 
7 l)r*l 

688.10 
88 i 13 
*45,17 
884, i7 
6fi,90 
988,38 

SJ'l! 


i,h isi 
• *« 1*5 
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TEST KBH oetlo!> 07670 OkInLS 
AiwiNSONUE RU^ <N/|>MD'4 
gACb KhNNEOT »F6 i FLORIDA 
l0*Z^ iU H*Y 1*74 
aSUEnT NbR 0327 


ALinuot 

f'kfeT 


16 

lUOO 

2UOO 

3u00 

*u00 

9u00 

6U00 


7000 

6000 

9UOO 


10000 

liooo 

iiooe 

13000 

14U00 


19000 

16000 

iTooo 

16000 

ioooo 

20U00 


DIK 

speed 

TEkP 

Pe« ft 

M -e*. 

RH 

AB “OM 

"E'ISITY 

1/R 

VS 

SHEAR 

DEO 

KTS 

DEP C 

uEG C 


OCT 

G/M3 

Q/H3 

R 

KTS 

/SEC 

'JEF, 

230 


2 u,’ 

1 «.« 

1014,60 

»9 

17.11 

11*2,70 

36« 

66 . 

0 

0 

262 

B 

22,2 

20<0 


07 

17.14 

11 * 9,99 

357 

67o 

,00* 

206 

2$7 

a 

21 ,2 

17,2 

646,77 

70 

14.40 

1111,86 

336 

666 

.001 

199 

261 

7 

l9,l 

16.5 

V14,56 

7J 

12.27 

) 0 * 2,16 

3l5 

666 

,002 

59 

280 

7 

1^.9 

12,0 

662,60 

73 

10.91 

1063,20 

2*8 

663 

,006 

396 

268 

6 

l<o3 

9,3 

691,61 

72 

6.07 

1026,20 

283 

661 

.003 

327 


7 

11.9 

7.0 

621,09 

77 

8.12 

998,60 

272 

656 

,002 

166 

290 

6 

1C |2 

9,6 

791,72 

74 

7,06 

969,1* 

260 

656 

,006 

166 

24< 

9 

7i7 

6>3 

763,69 

9l 

7,42 

9*2,17 

?56 

653 

.002 

100 

27§ 

9 

i,7 

,4 

739,67 

64 

4,09 

912,73 

236 

652 

,D05 

364 

291 

7 

5 .t 

-5 , * 

’ 08 , »3 

49 

3.08 

885 . 0 * 

217 

650 

,004 

]2] 

298 

a 

<4? 

• 20,6 

6(2,6* 

19 

.96 

056,30 

1*7 

669 

,003 

327 


7 

3,9 

•OOil 

067,70 

16 

.99 

826,60 

1’!! 

640 

,00* 

63 

3^ 

6 

0 6 

• 27,2 

633,91 

9 

.91 

8"2,J* 

182 

666 

,003 

109 

9ol 

7 

•0 ol 

-24,9 

609,07 

14 

|67 

777, *2 

l76 

644 

,009 

292 

299 

9 

ml X 

• 26,6 

967,16 

13 

,5* 

754.37 

l72 

641 

,003 

269 

3Q9 

a 

•4;s 

•20,1 

»69{01 

14 

.49 

732|36 

X66 

639 

,002 

43 

32« 

10 

•’.1 

.29,6 

963,92 

19 

.63 

711,6* 

I 8 J 

635 

,00» 

23 

33^ 

- 

«9(8 

•27i*— 

■ »22r*0- 

21 

.51 

*09.0* 

i»> 

633 

.0»6- 

396 

341 

l9 

•U .1 

•39,6 

902,62 

li 

,26 

607,79 

1»0 

631 

.009 

1* 

355 

K 

-l2ol 

•j!'® 

4*2,8* 

11 

.21 

646,84 

1*5 

628 

,00» 

3» 


» A-.l)-’'1tHy urvtl.6 


TITUOE 

PIH 

SPEED 

TEho 

OeH FT 

HAESs 

Nh 

fbtT 

FEU 

<TS 

DfG C 

okG C 

► bs 

FCT 

?3l 

268 

7 

2':,i. 

21.7 

looo 

92 

ivoo 

250 

a 

21.4 

17.5 

V90 

7f 

3<33 

268 

6 

1’,* 

13,4 

vou 

79 

»!l3l 

208 

a 

K.3 

9.2 

890 

72 

6703 

260 

6 

10.6 

6.^ 

800 

76 

8*40 

261 

S 

7,5 

3,3 

790 

79 

10317 

29* 

7 

4,4 

•9,5 

7 OO 

40 

i2293 

318 

7 

3.2 

-24.2 

690 

li 

16603 

297 

a 

-1.0 

• 23,6 

600 

lo 

i*659 

318 

9 

•0,2 

-29,0 

590 

14 

i»077 

343 

X6 

•11 r2 

• 35 , 7 - 

50a - 

u 


il'MFluANT LEVEI.5 


ALT| IUDE 
f kfcT 


«06 

4366 

<043 

6303 

6fi06 

7304 

7?07 

V072 

"JOl 

1.476 

iiui; 

il6S7 

iZ974 

19/72 

16231 

Uui3 

16392 

iv303 


D|H 

SPEED 

TEho 

ICA ft 

HOfcSa 

1/R 

oe9 

kts 

OEG C 

'PEG C 

hBo 

N 

230 

A 

21 .7 

19,9 

1 olf .60 

065 

268 

7 

23.1 

21.7 

i00il,8i 

07i 

206 

7 

16.2 

11.6 

870. ?2 

2*1 

28* 

a 

16.5 

9.8 

896.03 

289 

266 

a 

13.9 

8.3 

839.97 

276 

200 

8 

12.2 

7.9 

026,64 

273 

241 

s 

0.7 

6.0 

782.97 

290 

238 

5 

8.3 

0.0 

769.26 

2*2 

20i 

5 

6.6 

0 

730,66 

201 

208 

6 

6,3 

•7.1 

722,03 

210 

29i> 

a 

6.1 

•9.6 

696,00 

21> 

299 

a 

6,5 

■21.1 

602,66 

1*0 

3q6 

a 

3.8 

•IJ.9 

66V. 29 

1*1 

320 

7 

2 1 6 

■26,7 

6*6, V7 

1«9 

301 

a 

•3.5 

•27.6 

971,11 

1*8 

398 

a 

•5,3 

•28,7 

960, 60 

1*9 

333 

l3 

•0,6 

-27,7 

922.40 

197 

339 

X* 

■11.: 

•27,8 

516,66 

19* 

346 

1 6 

'11.6 

■35,9 

494,04 

l*t 


20 


N 

f 






1 




iH2PI|pr~-W»4t It4r»<^.r i.^t. 


j 


• .- » »■> . -Ik"*--- 


I5.ST :vbR 0800> 07670 t.O 
HAbilcSONuE '7U'' 
tiPE 4fc^nE0'' »rS. FL04PA 
j3U‘6 3u M*r ^974 
aSce^vT ^uA U320 


4LT| luut 

CIK 


T-s’ 

2c. PT 

P-ES6 

f ttT 

0E6 

KTS 

DEG ■; 

uEa C 

*8S 

16 

290- 

7 

26.2 

22.5 

1uA5,46 

luoo 

30O 

8 

22,6 

19,0 

V5i.ll 

4000- 

290 

B 

22.4 

17,4 

V47,92 

luoo 

292 

7 

2 . ' 

14,4 

V14, 74 

4000 

299 

9 

15.2 

11.4 

663,42 

9000 

297 

n 

i'.l 

8.7 

652 49 

6UC0- 

292 

11 

12t» 

7,4 

622 , 16 - 

7000 

263 

10 

11.2 

5.5 

792,68 

6000 

270 

9 

9.1 

2.2 

764|45 

Vuoo 

271 

a 

•.3 

-6,6 

736,66 

louoo 

2 82 

7 

7.2 

-11.0 

710,15 

iluoo 

296 

7 

5,5 

-7,7 

65 4,A0 

iiuo»- 

3i» 

6 

4 , 4 

-18.6 

059,27 

lluoo 

35v 

7 

' . 4 

-L ,2 

635,00 

14000 

J 2 »- 

9 

t ,4 

.26,7 

611,»« 

iluoo 

32“ 

11 

■5.'' 

-26,7 

968,75 

16U00- 

342 
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APPENDIX E 


CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAWINSONDE DATA 
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, nciT. 


The oquiition.s iisc^d for calciil n Lion of thni-modynamic 
variables from tiunisurometiLs of altitude, tenip(.'rature and 
relative humidity obtained from the GMD-d , AMQ-9 rawinsonde 
system are summarized herein; those equations, originally 
developed for the GMU-2 system (lleC. 1), must be used in 
conjunction with the list of symbols and units provided at 
the end of this appendix. 


AtmosiJhoric Density, p 


P = : M 8.:)8 ^ 


Pressure, P 




Geopotontial IIeip;ht, a 

K r H 
. _ ^ e 

9.8 r^^+II 

Virtual Temperature, T 


= T(1 + .370932 e/P ) 


Mean Virtual Temperature, T 


'r ' + '1' 

V v 


Vai)or l^ressure, e 


e = 0.11 fj^ 10 


7. 5t/(t + 237.3) 
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Ni . ni'C'. 


iiwtwwi i iwm* 


Dew Point Temperature, t^ 

t = 237.3 lo^; <? - 186.527 
^ 8.236 - lot? 

Potential Temperature, 0 

3 = T (woo)'"®" 

Virtual Potential Tcmiporaturo 0 

0 =T (1!^)-=“ 

V V \ P / 

Ab.soluto Humidity, 

p = 216.7 e/p 

Microwave Ho Tract ive Index, n 

„ = 1 Jl (7V.6P-no . 371|08oj 

For data tabulation, use: 

N = (n-l)lO® 

Speed of Sound, 

/ \ 0 . 5 

^ "'I" (27J36) 
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LIST OF SYMBOLS AND UNITS 
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h 

h' 

II 

ir 

n 

N 

V 

P' 

r 

o 

t 

T 

T 


vapor r^’ossure 

rela\,ivo humidity expressed 
as a decimal 

! ccel oration of gravity at 
goo^raphica] location of the 
rawinsonde station 

peopotential height at the top 
of the layer bounded by h and h' 

peopotentia.1 height at the 
bottom of the layer bounded 
by h and h ' 

geometric altitude at tiu' top 
of the layer bounded by II and II' 

Gooinotric altitude at the 
bottom of the layer bounded 
by II and H' 

microwave refractive index 

unit of l•efractive index used for 
simplification of data tabulation 

pressure at geopotential lu;ight li 

pr(;ssure at geopotential height h' 

radius of the earth 

temperature 

temperature 

dew point temperature 

virtual temperature at 
geopotential height h 


millibars (mb) 


me tors /seconds 
(m/soc^ ) 


feet (ft) 


2 


( ft) 

( ft) 
(It) 


(mb) 

(mb) 

(ft) 


degrees Celsius (”C) 


degrees Kelvin (^K) 
(°C) 


("k) 
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Tv’ 

virtual temperature at geopotential 
height h' 

(°K) 

Tvm 

the mean virtual temperature of 
layer bounded by h and h' 

(°K) 

V 

s 

speed of sound 

knots 

P 

atmospheric density 

grams/meter 

(gm/m^) 

Pw 

absolute humidity 

(gm/m^) 

0 

potential temperature 

(°K) 


virtual potential temperature 

(""K) 
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